SUMMARY Twenty-one patients without evidence of hypertrophy by M-mode echocardiography were studied by wide-angle two-dimensional echocardiography to determine if they had a form of hypertrophic cardiomyopathy that could not be detected by conventional M-mode echocardiography. Each patient was suspected clinically of having hypertrophic cardiomyopathy because of a distinctly abnormal ECG and either a family history of hypertrophic cardiomyopathy or cardiac symptoms. Patients were 5-49 years old (mean 16 years) and 16 of the 21 had no functional limitation. The most common electrocardiographic abnormalities were deep Q waves, T-wave inversion and right ventricular hypertrophy. Using wide-angle two-dimensional echocardiography to reconstruct the geometry of the left ventricular wall, 16 of the 21 patients (76%) were shown to have prominent but unusually located regions of left ventricular wall hypertrophy. In each instance, the hypertrophy involved regions of the left ventricular wall through which the M-mode ultrasound beam does not usually pass, i.e., posterior ventricular septum (seven patients), anterior or lateral left ventricular free wall (seven patients) and ventricular septum near the apex (two patients). There was no echocardiographic or hemodynamic evidence of left ventricular outflow tract obstruction in any patient.
HYPERTROPHIC CARDIOMYOPATHY is a disease of cardiac muscle in which the most consistent anatomic feature is a hypertrophied, nondilated left ventricle.' M-mode (one-dimensional) echocardiography is useful for identifying asymmetric septal hypertrophy,2 10 the characteristic gross anatomic feature of hypertrophic cardiomyopathy. However, we recently evaluated several patients in whom the diagnosis of hypertrophic cardiomyopathy was suspected clinically (primarily because of a distinctly abnormal ECG and a family history of hypertrophic cardiomyopathy), but conventional M-mode echocardiography did not show left ventricular hypertrophy. Such patients present the diagnostic problem of whether they have a form of hypertrophic cardiomyopathy that cannot be detected by M-mode echocardiography. Because wide-angle two-dimensional echocardiography affords visualization of portions of the left ventricular wall inaccessible to the M- technique. These investigations are the subject of this report.
Patients Twenty-one patients were selected for study with wide-angle two-dimensional echocardiography. Each patient had been initially evaluated at the National Heart, Lung, and Blood Institute from [1976] [1977] [1978] [1979] . Only patients in whom a technically satisfactory twodimensional echocardiogram could be obtained, i.e., with satisfactory recognition of the endocardial and epicardial borders of the left ventricle in at least the short-and long-axis views, were included in the study. At the time, the diagnosis of hypertrophic cardiomyopathy had been suspected, but the M-mode echocardiogram failed to confirm the presence of cardiac hypertrophy. In 18 of the 21 patients, hypertrophic cardiomyopathy had been initially suspected because of an abnormal ECG and the finding of hypertrophic cardiomyopathy in at least one relative (confirmed by echocardiography or at necropsy). Ten of these 18 patients had a closely related relative who died suddenly and prematurely of hypertrophic cardiomyopathy, and three were members of families with "malignant" hypertrophic cardiomyopathy, in which the occurrence of sudden death is unusually frequent." In the other three patients the diagnosis of hypertrophic cardiomyopathy was considered because of an abnormal ECG and cardiac symptoms in the absence of valvular or hypertensive heart disease or secondary forms of cardiomyopathy.
Characterization of Patients
The 21 study patients ranged in age from 5-49 years (mean 16 years); 12 were male and nine were female. Fourteen patients were asymptomatic, two had transient symptoms of chest pain and lightheadedness, and five had moderate-to-severe symptoms (New York Heart Association functional classes IL and III) consisting primarily of functional limitation with dyspnea on exertion and fatigue. Of the 17 study patients 21 years of age or younger, 16 had either no or minimal symptoms. Only one of the 21 patients had a systolic ejection murmur (at the lower left sternal border and apex) that was as loud as grade 3/6; each of the other patients had either no murmur or a soft grade 1-2/6 murmur. In only three patients was the murmur noted to increase in intensity with the Valsalva maneuver. Blood pressure recordings were normal (< 130/90 mm Hg) in each patient.
Cardiac catheterization had been performed in six of the 21 patients. In three of these six patients (all older than 21 years) coronary arteriography was performed and showed no significant narrowing of the coronary arteries. In the four patients who had leftheart catheterization, three showed no left ventricular outflow tract gradient under basal conditions and one had an outflow gradient of 8 mm Hg. Left ventricular end-diastolic pressure was elevated in three of the four patients (range 15-17 mm Hg).
For comparison, two-dimensional echocardiograms were also performed in 43 normal subjects, ages 4-57 years (mean 22 years); 24 were male and 19 were female. Methods M-mode Echocardiography M-mode echocardiograms were performed using a 2.25-MHz, 1.25-cm in diameter, unfocused Aerotech transducer and a Hoffrel 201 ultrasound receiver interfaced with a Honeywell 1856 strip-chart recorder. Echocardiograms were recorded using "standard" transducer placement (i.e., where the anterior mitral leaflet is imaged with the transducer held perpendicular to the chest wall, with only slight medial but no superior or inferior angulation, in the third or fourth intercostal space near the left sternal border, with the patient rotated 300 into a left lateral decubitus position).'2 The methods used for imaging the ventricular septum and posterior left ventricular free wall (including the T-scan technique) have been described.3 Thickness of the ventricular septum was measured just before atrial systole with the ultrasound beam directed slightly below the caudal margins of the mitral leaflets. Thickness of the posterior left ventricular free wall was measured during the same phase of the cardiac cycle, with the ultrasound beam passing through the mitral leaflet tips. A The two-dimensional echocardiographic examination included the imaging of a number of crosssectional planes through the heart. Serial short-axis views of the left ventricle were obtained by initially orienting the sector plane perpendicular to the long axis of the left ventricle from a standard transducer placement on the chest. The "short-axis sweep" was performed by maintaining the transducer in a fixed location on the chest wall and slowly angling the image plane from aorta (cephalad) to apex (caudad),18 with particular emphasis on obtaining sequential cross-sectional images in which the left ventricular cavity appeared circular. The cross-sectional images generated by the scanner are similar to those that would be viewed if the heart were transected at the sector plane, the heart caudal to the plane removed and the remainder of the heart viewed from the region previously occupied by the cardiac apex ( fig. 1 
mm).
Because of inherent limitations of phased-array two-dimensional echocardiography (e.g., impaired lateral resolution, difficult left ventricular free wall epicardial border recognition and endocardial echo dropout), our measurement of anterolateral left ventricular free wall thickness cannot be considered to represent a precise assessment of wall thickness, but rather a semiquantitative determination of whether the ventricular wall is hypertrophied. However, we tried to minimize sources of error in the measurement of free wall thickness near the lateral boundary of the sector, where lateral resolution is less optimal, by positioning the anterolateral free wall (as viewed in the short-axis plane) close to the center of the field of view, where lateral resolution is best; therefore, twodimensional images were routinely recorded at the maximum depth of 21 cm and images of the left ventricle in the short-axis were obtained after sweeping the transducer laterally.
Assessment of the distribution of left ventricular hypertrophy, which depends greatly upon the definition of the endocardial and epicardial surfaces, is best appreciated by analysis of real-time (motion) recordings. Freeze-frame photographs used in this report for purposes of illustration do not permit the visual integration that is possible with motion, and the quality of such static images are also unavoidably degraded optically compared with the dynamic real-time display.
M-mode echocardiograms were also recorded simultaneously with the two-dimensional echocardiogram, permitting M-mode assessment of ventricular septal and posterior left ventricular free wall dimensions and mitral valve motion in an anatomically precise location under direct visualization. Each Mmode and two-dimensional echocardiogram was interpreted independently by two observers.
The location of regions of hypertrophy was described in both the anteroposterior ( fig. 2 ) and cephalad-caudad planes. In the anteroposterior plane, hypertrophy was designated as involving either the ventricular septum (defined as that portion of ventricular myocardium present between the left and right ventricular cavities) or the left ventricular free wall. 411 VOL 63, No 2, FEBRUARY 1981 The ventricular septum was divided into two equal segments (the anterior and the posterior ventricular septum). The left ventricular free wall was divided into three approximately equal segments -the anterior, lateral and posterior. In the cephalad-caudad plane, the left ventricle was divided into two segments: the basal portion, which extends from the cardiac base to the caudal margins of the mitral leaflets, and the apical portion, which includes that portion of the left ventricle that is visualized caudal to the mitral leaflets. The expected path of the conventional M-mode beam in the anteroposterior plane, through the anterior ventricular septum and the posterior left ventricular free wall, is shown in figure 2 .
Results

Electrocardiograms
The electrocardiographic abnormalities in the 21 patients are summarized in table 1 +Abnormal Q or QS waves were defined as either > 4 mm in depth or > 0.04 second in duration; in 12 of these 15 patients the abnormal Q or QS waves were present in two or more leads. Ten of the 15 patients also had small Q waves (2-3 mm in depth and < 0.04 second in duration) in other leads.
Includes five patients with abnormal R:S ratio in lead V, (0.8-2.5) and one patient with right-axis deviation. §Includes two patients with "strain" pattern. 0.8-1.2, so none of the patients met our criteria for asymmetric septal hypertrophy (fig. 4) patients, hypertrophy was primarily limited to segments of the left ventricular free wall; in the other nine the major area of hypertrophy was in the ventricular septum. However, in none of the 16 patients was the anterior ventricular septum (that portion of the left ventricular wall through which the M-mode beam usually passes) hypertrophied. However, while the hypertrophy in our 16 patients was not identified by conventional M-mode echocardiography, most of the regions that were hypertrophied involved substantial portions of left ventricular wall. For example, in 13 of the 16 patients, the major hypertrophied region involved the basal portion of the left ventricular free wall and a substantial part of the apical portion of the ventricle. These observations demonstrate the limitations of M-mode echocardiography, a technique that provides only a one-dimensional "ice-pick" view of the heart, and hence offers relatively little information regarding the 1Iii each of these patients other areas of the LV wall were also hypertrophied (buit less markedly than the posterior ventricular septum): lateral LV free wall (two patients);
anterior LV free wall and small portion of posterior LV free wall contiguous with ventricular septum (two patients); small portion of posterior LV free wall contiguous with ventricular septum (one patient); anterior LV free wall and apical anterior ventricular septum (one patient).
§Apical posterior ventricular septum was also mildly hypertrophied.
Abbreviation: LV = left ventricular.
spatial characteristics and orientation of cardiac structures. However, hypertrophy could have been detected by M-mode echocardiography in some of these patients if certain nonstandard transducer sites (such as the subxiphoid position) had been utilized. Because such approaches are not routinely used and because it is unclear how sensitive such approaches would be in detecting hypertrophy, two-dimensional echocardiography appears to be the most reliable means of establishing the diagnosis of hypertrophic cardiomyopathy in these patients. Certain limitations of current wide-angle (phasedarray) two-dimensional echocardiographic technology may have an important influence on observer reliability in identifying areas of left ventricular hypertrophy. For example, definitive recognition of the endocardial surfaces of parts of the left ventricular free wall or ventricular septum or left ventricular epicardium (particularly in the region of the posterior free wall) may be difficult. However, we limited our observations to patients with high-quality two-dimensional echocardiograms in whom these potential errors were minimized. the basal portion of the anterior ventricular septum.27 29 This conclusion is supported by the fact that 13 of our 16 patients with unusual locations of left ventricular hypertrophy had closely related relatives with hypertrophic cardiomyopathy in whom the hypertrophy prominently involved the anterior ventricular septum (documented by echocardiography or at necropsy). The reason for the absence of hypertrophy in five of the 21 patients in this study is unclear. Of course, the abnormal ECG (which most often showed inferolateral Q waves) could constitute a falsepositive test in these patients. Alternatively, left ventricular hypertrophy may not have yet manifested itself in the five patients and the electrocardiographic abnormality could actually precede the development of cardiac hypertrophy. In support of this hypothesis is the fact that all five patients are young (9-12 years old) and have a documented family history of hypertrophic cardiomyopathy, including two who had a relative who died suddenly. Hence, the true significance of the abnormal ECG in the five patients without evidence of hypertrophy by either M-mode or two-dimensional echocardiography will probably be clarified only after further follow-up.
The cardiomyopathic process in our patients is not 
